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1
BUCK CIRCUIT

BACKGROUND

1. Technical Field

The present disclosure relates to a buck circuit.

2. Description of Related Art

If current of a buck circuit 1s over a safe current range, such
as 1n a short circuit state, elements of the buck circuit may be
damaged. Theretfore, there 1s room for improvement in the art.

BRIEF DESCRIPTION OF THE DRAWING

Many aspects of the embodiments can be better understood
with reference to the following drawing. The components in
the drawing are not necessarily drawn to scale, the emphasis
instead being placed upon clearly i1llustrating the principles of
the present embodiments. Moreover, 1 the drawing, like
reference numerals designate corresponding parts throughout
the view.

The FIGURE 1s a circuit diagram of a buck circuit in
accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

The disclosure, including the accompanying drawing, 1s
illustrated by way of examples and not by way of limitation.
It should be noted that references to “an” or “one” embodi-
ment in this disclosure are not necessarily to the same
embodiment, and such references mean at least one.

The FIGURE shows an embodiment of a buck circuit 10.
The buck circuit 10 includes a controller 12, a first electronic
switch Q1, a second electronic switch (Q2, a first inductor L1,
a second 1inductor L2, a first resistor R1, a second resistor R2,
a first capacitor C1, a second capacitor C2, a third capacitor
C3, a fourth capacitor C4, a fifth capacitor C5, a voltage input
terminal Vin, and a voltage output terminal Vout.

The controller 12 includes a first detecting pin Sense+, a

second detecting pin Sense—, a boot pin BOOT, a first control
pin UGATE, a state pin PHASE, a second control pin
LGATE, a ground pin GND, a feedback pin FB, and a power
pin V. Each of the first electronic switch Q1 and the second
clectronic switch Q2 includes a first terminal, a second ter-
minal, and a third terminal. The first terminal of the first
clectronic switch Q1 1s connected to the voltage input termi-
nal Vin through the first inductor L1, and i1s connected to the
voltage input terminal Vin through the first capacitor C1 and
the first resistor R1 1n that order, and 1s further grounded
through the third capacitor C3. The second terminal of the
first electronic switch Q1 1s connected to the voltage output
terminal Vout through the second inductor L2, and grounded
through the second inductor L.2 and the second capacitor C2
in that order. The third terminal of the first electronic switch
Q1 1s connected to the first control pin UGATE. The first
terminal of the second electronic switch Q2 1s connected to
the second terminal of the first electronic switch Q1. The
second terminal of the second electronic switch Q2 1s
grounded. The third terminal of the second electronic switch
Q2 1s connected to the second control pin LGATE, and
grounded through the second resistor R2. The first detecting
pin Sense+ 1s connected to a node between the first capacitor

C1 and the first resistor R1. The second detecting pin Sense—
1s connected to the first terminal of the first electronic switch

Q1. The boot pin BOOT is connected to the state pin PHASE
through the fourth capacitor C4. The state pin PHASE 1s
connected to the second terminal of the first electronic switch

Q1. The ground pin GND 1s grounded. The feedback pin FB
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2

1s connected to anode between the second inductor L2 and the
second capacitor C2. The power pin'V 1s connected to a direct
current power supply Vce, and grounded through the fifth
capacitor CS3.

Voltage of the voltage mput terminal Vin 1s alternating
current (AC) voltage. When the AC voltage 1s supplied to the
first inductor L1, parasitic capacitance is generated by the first

inductor L1. Voltage V1 across the first inductor L1 complies
with the following formula (formula 1): V1=Vz+Vs=/*11+

S*FL*I1=(Z+S*L)*I1. Informula 1, Z stands for an equivalent
impedance of the first inductor L1, Vz stands for the voltage
across the equivalent impedance 7 of the first inductor L1, L
stands for an inductance of the first inductor L1, S stands for
complex frequency domain coetficient, Vs stands for the volt-
age of the parasitic capacitance of the first inductor L1 and 11
stands for current of the first inductor L1.

Capacitive reactance Zc of the first capacitor C1 complies
with the following formula (formula 2): Zc=1/S*C. In for-
mula 2, S stands for complex frequency domain coelficient,
and C stands for a capacitance of the first capacitor C1.

Voltage V¢ of the first capacitor C1 complies with the
following formula (formula 3): Vc=V1*Zc/(Zc+R). In for-
mula 3, V1 stands for voltage across the first inductor L1, Z¢
stands for capacitive reactance of the first capacitor C1, and R
stands for a resistance of the first resistor R1.

According to formulas 1-3, the following formula (formula
4) can be obtamned: Vc=(Z+S*L)*I11*1/8*C/(1/S*C+R)=Vz*
((S*L/Z+1)/(S*R*C+1)).

In formula 4, it (S*L/Z+1)/(S*R*C+1)=1, then Vc=Vz.
That 1s, 1if R*C=L/Z, the voltage Vz across the equivalent
impedance Z of the first inductor L1 can be obtain by detect-
ing the voltage V¢ of the first capacitor C1 through the first
detecting pin Sense+ and the second detecting pin Sense-.

In use, the controller 12 detects the voltage V¢ of the first
capacitor C1 through the first detecting pin Sense+ and the
second detecting pin Sense—, and determines whether the
current 11 (I1=Vc¢/Z) of the first inductor L1 1s more than a
preset value. It the current I1 of the first inductor L1 1s more
than the preset value, the controller 12 executes over-current
protection. Theretore, the current I1 of the first inductor L1
can be controlled to be no more than the preset value, and
current passing through the first electronic switch Q1 can be
controlled 1n a normal operation current range accordingly.
Furthermore, even if the second terminal of the first electronic
switch Q1 1s grounded directly by an incorrect operation, the
controller 12 can detect that current 1s over the preset value,
and executes the over-current protection timely, to prevent the
first electronic switch Q1 from being damaged. The over-
current protection falls within well-known technologies, and
are therefore not described here.

In one embodiment, each of the first electronic switch Q1
and the second electronic switch Q2 1s an n-channel metal-
oxide semiconductor field-effect transistor (NMOSFET).
The first terminal, the second terminal, and the third terminal
of the first electronic switch Q1 are respectively a drain, a
source, and a gate of the NMOSFET. The first terminal, the
second terminal, and the third terminal of the second elec-
tronic switch Q2 are respectively a drain, a source, and a gate
of the NMOSFET. In other embodiments, each of the first
clectronic switch Q1 and the second electronic switch Q2
may be a p-channel MOSFFET, or a bipolar junction transistor,
or other switch having similar functions.

Even though numerous characteristics and advantages of
the disclosure have been set forth 1n the foregoing description,
together with details of the structure and function of the
disclosure, the disclosure is illustrative only, and changes
may be made 1n detail, especially 1n the matters of shape, size,




US 8,937,792 B2

3

and arrangement of parts within the principles of the disclo-
sure to the full extent indicated by the broad general meaning
of the terms 1n which the appended claims are expressed.

What 1s claimed 1s:

1. A buck circuit, comprising:

a first inductor, a second inductor, a first capacitor, a second
capacitor, a first resistor, a second resistor, a voltage
input terminal, and a voltage output terminal;

a first electronic switch comprising:

a first terminal connected to the voltage input terminal
through the first inductor, and connected to the volt-
age mput terminal through the first capacitor and the
first resistor 1n that order;

a second terminal connected to the voltage output ter-
minal through the second inductor, and grounded
through the second inductor and the second capacitor
in that order; and

a third terminal;

a second electronic switch comprising a first terminal con-
nected to the second terminal of the first electronic
switch, a second terminal grounded, and a third termai-
nal; and

a controller comprising:

a first detecting pin connected to a node between the first
capacitor and the first resistor;

a second detecting pin connected to the first terminal of
the first electronic switch;

a first control pin connected to the third terminal of the
first electronic switch;

a second control pin connected to the third terminal of
the second electronic switch; and
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a state pin connected to the second terminal of the first
electronic switch;

wherein relationship of capacitance C of the first capacitor,

resistance R of the first resistor, inductance L of the first
inductor, and equivalent impedance Z of the first induc-
tor 1s R*C=L/7Z; and

wherein the controller detects voltage of the first capacitor

through the first detecting pin and the second detecting
pin, determines whether current of the first inductor 1s
more than a preset value according to the voltage of the
first capacitor, and executes over-current protection in
response to the current of the first inductor being more
than the preset value.

2. The buck circuit of claim 1, further comprising a third
capacitor, a fourth capacitor, and a fitth capacitor, wherein the
first terminal of the first electronic switch 1s grounded through
the third capacitor, the controller further comprises a boot pin
connected to the state pin through the fourth capacitor, a
power pin connected to a direct current power supply, a feed-
back pin connected to a node between the second inductor and
the second capacitor, and a ground pin grounded, wherein the
power pin of the controller 1s further grounded through the
fifth capacitor.

3. The buck circuit of claim 1, wherein each of the first
clectronic switch and the second electronic switch 1s an
n-channel metal-oxide semiconductor field-effect transistor
(NMOSFET), the first terminal, the second terminal, and the
third terminal of each of the first and second electronic

switches are respectively a drain, a source, and a gate of the
NMOSFET.
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